Bioglass coatings derived from electrophoretic deposition method were fused on Ti surface by laser cladding process using a continuous CO 2 laser. The specimens were studied by field-emission scanning electron microscopy, X-ray diffraction and bonding tests.
Titanium and its alloys were most used implant materials in orthopedic surgery because of their appropriate mechanical properties, good corrosion resistance, biocompatibility and low cost [1, 2] . However, their capability to adhere to bone tissue is unsatisfactory and may result in wear debris that can lead to inflammatory reactions [3] . Thus, in order to improve osseointegration and biocompatibility of medical implants, the titanium alloys are commonly coated with bioactive coatings. Consequently, the implant is able to establish a direct chemical bond with the surrounding bone tissue, resulting in increased lifespan inside the body [4] .
Various techniques were developed to produce bioactive coatings such as magnetron sputtering [5] , electrophoretic deposition [4, [6] [7] [8] , laser deposition [9] [10] [11] [12] , sol-gel [13, 14] and many other techniques. Among them, electrophoretic deposition (EPD) is a promising electrochemical technique for the creation of thin films with a control of the film morphology and thickness. The EPD process consists in the migration of bioceramic powder particles in suspension to form the coating at the surface of the implant under the effect of an electric field. However, the bonding strength between the coating and substrate is not high enough and the coating will gradually detach from the substrate after implanted into human body. Therefore, after deposition, post thermal treatments are normally needed to further densify the deposit and to improve the adhesion between the coating and
Laser cladding has proved efficient in the fusion of a powder on a substrate and the laser energy melts the cladding material forming an excellent chemical and metallurgical bond with the substrate [15, 16] . This process allows for a layer by layer coating building on titanium substrates and may prevent unwanted phase changes in the titanium due to its limited heat affected zone and low dilution ratio [11] . During the laser cladding process, microstructure of the coating and the interface between the coating and the substrate has attracted greatest interest [16, 17] . Therefore, laser parameters were optimized to synthesize a crack-free coating on titanium. In addition, acid etching and anodization processes were combined to improve the surface roughness of Ti and chemical bonding between porcelain-Ti. The hydroxyapatite forming ability in SBF was further characterized considering the potential of the synthesized coatings as bone-contacting materials. 
Anodization of titanium
ASTM grade II CP titanium was cast, ground and polished to prepare plate-shaped specimens (Φ13 mm × 0.5 mm). In a typical anodization process, the electrolyte was prepared by adding 0.3 wt% of ammonium fluoride (NH 4 F, Sinopharm Chemical Reagent
Co. Ltd., AR) and 1.25 vol% of distilled water into ethylene glycol (C 2 H 6 O 2 , Sinopharm Chemical Reagent Co. Ltd., AR). In a typical preparation procedure, the titanium specimens (>99% purity, thickness of 0.5 mm) were pre-treated in 40 wt% HF acid, and then anodized in the electrolyte solution using a graphite counter electrode at 20V for 15 min at room temperature.
Electrophoretic deposition
In the EPD process, bioglasss powder suspensions (2 wt% solids) were prepared using distilled water as solvent. The pH of the suspensions was adjusted using hydrochloric acid solution (0.1 M). The EPD process was carried out using titanium substrate as cathode, employing a ITECH DC power IT6720 (ITECH Electronic Co., ltd). EPD was performed at constant voltage in the range 5-15 V at 25°C for 20 min.
Laser cladding of bioglass coatings
Laser cladding was carried out by using a LCY-400 (Wuhan Huagong Laser Technology Co., Ltd, China.) 400 W pulse CO 2 laser. The laser was operated by smart MC software with Argon as the feeding gas. The laser cladding parameters were selected as The surface roughness (R a ) of titanium was measured using a JB-4C surface roughness tester. The cross-section of the specimens were ground and polished successively.
Microstructural characterization of laser-cladding coatings layers was observed by using a Jeol JSM6400 scanning electron microscope.
In-vitro Bioactivity test in SBF
The coated samples were immersed in 30 ml of SBF solution prepared according to the literature [18] , and incubated at 37°C for 1, 3, 5, 7, 14, 30 days and the solution was refreshed every two days. Three samples for each condition and time point were assessed. After incubation, the specimens were removed, gently washed with deionized water for three times and dried at 37 °C before further characterization. The hydroxyapatite formation on the incubated samples was evaluated by SEM and Fourier Transform Infrared Spectroscopy (FTIR, Nicolet is5) in range of 4000-400 cm − 1 . The surface roughness of titanium was increased from 0.24±0.02 µm to 0.82±0.09 µm after anodization, which was mainly due to the existence of leaf-like embossments rows. In the previous research, the increased surface roughness of titanium increased the contact areas and mechanical bonding between titanium and coating [14] . In addition, anodization of titanium will help to increase the wettability between porcelain-Ti during laser fusion process. Therefore, the specimens were anodized with pre-treatment in HF acid in this study. Figure 3 shows the SEM microphotographs of the bioglass coatings on Ti synthesized by electrophoretic deposition. As shown in Fig. 3(a) , a porous bioglass coating with some microcracks was deposited on titanium surface. The obtained bioglass coating was composed of bioglass particles (about 5-10 µm) and fibers (about 10-15 µm), as shown in Fig.3 (b) . The formation of the micropores was attributed to the formation of hydrogen and oxygen during the electrophoretic deposition process. Ti. In addition, for all the three specimens, there are no obvious microcracks at the interface of the Ti-coating, which revealed the good bonding between Ti-porcelain. Fig. 6 (a) shows that after only one day immersion in SBF, calcium phosphate began to precipitate on the bioglass coatings' surfaces, but the precipitation layer was not thick enough to cover up the bioglass coating. Fig. 6 (b) shows that porous calcium phosphate microparticles were formed by the agglomeration of many nanoparticles (about 80nm). As shown in 6 (d), flowerlike microparticles were formed on the bioglass coating. In Fig. 6 (c) , (e) and (g), it is clearly shown that the thickness of the calcium phosphate precipitation and the amount of microparticles increased with immersion time. While in Fig. 6 (d The SBF solution is highly supersaturated with respect to calcium phosphate, which leads to the spontaneous growth of the calcium phosphate after nucleation [18] . to reduce the excessive thermal stress at the interface of Ti-porcelain, so that to improve the bonding between the coating and Ti. In addition, the in vivo bioactivity of the coating will be characterized.
Results and discussion

Conclusions
Titanium oxide layer with hierarchical structures consisting of submicron rows of leaf-like embossments and nano-pores was obtained by combining acid etching and anodization processes, which increased the surface roughness of Ti. When heat-treatment temperature was 700 and high, CaSiO 3 phase began to crystallize from the bioglass matrix and the crystallinity reached its maximum at 700 . Bioglass coatings with similar hierarchical structure containing submillimeter bioglass beads and microfibers were 
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Prime Novelty Statement
(1) Bioglass coatings were fused on Ti surface by laser cladding process.
(2) Surface roughness of Ti was increased by surface modification of Ti.
(3) Apatite precipitated on the bioglass coatings after 1 day immersion.
(4) The thickness of the apatite precipitation increased with immersion time.
